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Abstract We examined the toxicity mitigation efficiency
of a hydrologically modified backwater wetland amended
with a pesticide mixture of atrazine, metolachlor, and fi-
pronil, using 96 h survival bioassays with Hyalella azteca.
Significant H. azteca 96 h mortality occurred within the
first 2 h of amendment at the upstream amendment site but
not at any time at the downstream site. H. azteca survival
varied spatially and temporally in conjunction with mea-
sured pesticide mixture concentrations. Hyalella azteca
96 h survival pesticide mixture effects concentrations
ranges were 10.214-11.997, 5.822-6.658, 0.650-0.817,
and 0.030-0.048 pg L~! for atrazine, metolachlor, fipronil,
and fipronil-sulfone, respectively.
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The lower Mississippi River alluvial plain (e.g. the Delta),
a region of intensive agricultural use, contains numerous
oxbow lakes and backwater wetlands along river channels.
These backwater wetlands have important economic and
ecological functions such as providing habitat, natural
buffers, and filters for suspended sediment, nutrients and
pesticides entering as runoff from adjacent agricultural
fields. In this study, a natural backwater wetland along the
Coldwater River in Tunica County, Mississippi (MS), was
modified for hydrologic control by adding weirs at both
upstream and downstream ends to more efficiently utilize
natural filtering capabilities.
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In 2007, corn (Zea mays) subsidies for biofuel produc-
tion increased and as a result an increase in corn production
was predicted. With this expected increased corn acreage
was an expected increase in corn-related pesticide use.
Herbicides such as atrazine and metolachlor are commonly
used in mixtures for corn crops for weed control (Young
2006). The phenylpyrazole insecticide, fipronil has been
marketed for corn crops to replace organophosphate
insecticides such as chlorpyrifos and methyl parathion
because of fipronil’s effectiveness at low field application
rates against insect pests that have become resistant to
organophosphates (Bobe et al. 1997). According to USDA
NASS (2008), in 2003 ~24.3 million kg of atrazine,
2.9 million kg of metolachlor, and 63,000 kg of fipronil
were used on corn crops in the US for pest management. As
a result, the current study targeted these pesticides in a
watershed within the Mississippi Delta region. The purpose
of this study was to examine the efficiency of this modified
backwater wetland in mitigating the toxicity of an amended
pesticide mixture including, atrazine, metolachlor, and fi-
pronil, using 96 h bioassays with Hyalella azteca.

Materials and Methods

The study site was a severed compound meander bend
backwater in Tunica County, Mississippi about 2.5 km
long and 40 m wide along the Coldwater River (Fig. 1).
Land-use is row-crop cultivation, both inside and outside
the bend, but there was a buffer of natural vegetation 5—
100 m wide on both banks. The modified backwater study
site had two water control weirs (34°40'04.93"N,
90°13'38.09”W, and 34°40'15.15"N, 90°13'35.36"W) cre-
ating a larger, deeper area managed as a lake-type aquatic
habitat and a smaller, shallower area, 700 m long, 25 m
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Fig. 1 Aerial photograph of the Coldwater River modified backwater
wetland (white lines represent weirs) in Tunica County, Mississippi,
USA

wide, that supports wetland and terrestrial plants managed
as a wetland. A mean water depth of 28 cm was measured
in the wetland cell when water was present. Both weirs
were designed with adjustable crest drainage structures.
Weirs were protected with riprap to allow for overflow in
either direction. A pesticide mixture consisting of atrazine
(6,600 mg a. i.) and metolachlor (5,220 mg a. i.) as Bicep
II Magnum® (33.0% a. i. atrazine and 26.1% a. i. met-
olachlor), and fipronil (630.4 mg a. i.) as Regent 4SC®
(39.4% a. i. fipronil) was injected into the backwater
wetland at the upstream (lake) weir crest drainage structure
for 1.3 h. Water was released from the upstream lake area
of the backwater into the modified wetland area over a 4 h
period during a 730 m® simulated runoff event, represent-
ing a 1.27 cm rainfall. This amount of runoff was

equivalent to a 0.1% pesticide loss in runoff from a 16 ha
agricultural field in a 1.27 cm rainfall event. Water samples
were collected at upstream and downstream sites ~5 m
from respective weirs 48 h prior and 1, 2, 4, 6, and 24 h
post-amendment. Samples were placed on ice, transported
to the USDA-ARS National Sedimentation Laboratory,
Oxford, MS (NSL) for bioassay and pesticide analyses.

A total of 12 1 L aqueous samples were analyzed for
atrazine, metolachlor, fipronil, and fipronil-sulfone (com-
mon metabolite). Pesticide analysis was conducted using a
modified gas chromatography (GC) method similar to one
described by Smith et al. (2006). In brief, pesticides were
extracted by phase partitioning into 100 mL pesticide-grade
ethyl acetate after sediments were deflocculated with
reagent-grade KCI and sonication, dried over anhydrous
Na,SO, and concentrated to near dryness by rotary evapo-
ration. Next, the extract was subjected to silica gel column
chromatography cleanup, and concentration to 1 mL vol-
ume under high purity dry nitrogen for GC analysis. Two
Agilent HP model 6890 gas chromatographs were used for
all targeted pesticide analyses. Both gas chromatographs
were equipped with dual Agilent HP 7683 ALS autoinjec-
tors, dual split-splitless inlets, dual capillary columns, and
an Agilent HP Kayak XA Chemstation. Autoinjectors were
set at 1.0 pL injection volume fast mode. Pesticide recov-
eries and extraction efficiencies, based on fortified samples,
were >90% for targeted pesticides (Smith et al. 2006).

Because no known published data are currently avail-
able for aqueous effects concentrations of Hyalella azteca
exposed to fipronil, we conducted an acute (96 h) labora-
tory bioassay pilot study to elucidate fipronil effects on this
organism. A series of four individual toxicity tests, each
with a range of 5-6 fipronil concentrations and a non-
treated control, were completed (Table 1). Twenty-seven

Table 1 Pilot 96 h aqueous fipronil bioassay nominal and measured concentrations (ug L"), LC50 values (ug L™"), and confidence intervals
(CI) using Hyalella azteca (BD = below detection limit 0.025 ug Lfl)

Nominal concentration

Measured concentration

Test 1 Test 2 Test 3 Test 4 Mean SD R*

Control BD BD BD BD NA® NA NA
0.125 0.15 0.05 0.10 0.11 0.10 0.04 82.5
0.25 0.22 0.12 0.16 0.17 0.17 0.04 66.5
0.5 0.50 0.22 0.27 0.35 0.34 0.12 67.1
1 0.63 0.53 0.56 0.65 0.59 0.06 59.3
2 1.94 0.89 1.12 1.34 1.32 0.45 66.0
4 NA 1.99 2.39 2.62 2.33 0.32 58.3
Response

LC50 0.76 0.52 0.39 0.48 0.54 0.16 NA
CI 0.61-0.94 0.43-0.63 0.30-0.50 0.39-0.59 NA NA NA

# R Fipronil recovery (%)
® NA not applicable
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0.5 L aqueous samples were analyzed for fipronil, as pre-
viously described, and reported as measured exposure
concentrations. Bioassays using wetland samples were 96 h
static non-renewed aqueous exposures assessing H. azteca
survival within five serial dilutions of four replicates each
according to modified USEPA (2000) protocol for H. azt-
eca reference toxicity tests. All bioassays were conducted
in a Powers Scientific Inc. incubator at 23 £ 1°C with a
photoperiod of 16:8 light:dark at the USDA-ARS National
Sedimentation Laboratory (NSL), Oxford, Mississippi,
USA. Animals passing a 600 um stainless steel mesh sieve
but retained by a 425 pm stainless steel mesh sieve (~ 1-2
weeks old) were collected for the bioassays. Six H. azteca
were placed in each replicate 120 mL polypropylene
plastic test chamber with one 2 cm x 2 cm square sterile
cotton gauze as substrate. Aqueous exposures consisted of
100 mL hardness adjusted (~ 100 mg/L as CaCOs3) sample
and/or control/dilution water with five serial dilutions at 0.5
dilution factor. Control and dilution water, free from pri-
ority pollutants, were from a naturally spring-fed pond
located at the University of Mississippi Field Station
(UMFS) and having the following ranges of measured
water quality parameters: dissolved oxygen (mg L"), 4.5—
12.6; pH, 5.9-7.3; alkalinity (mg L' as CaCO,), 8-16;
hardness (mg L' as CaCOj3), 10-30; conductivity
(umhos cm_l), 20.3-25.7; turbidity (NTU), 8.3-25.1; dis-
solved solids (mg L_l), 9-86; suspended solids (mg L_l),
0-28; total phosphorus (ug L™"), 0-81; NH,~N (ug L"),
0-136; NO5—N (ug L™, 42-170; NO>-N (ug L™h), 1-15;
chlorophyll a (pg L™"), 0-23. Because of the very soft
nature of the control and dilution water, hardness and
alkalinity were adjusted using CaCl, and NaCOj; at
100 mg L™". Animals were fed 0.1 mL of a 1:1 suspension
rabbit chow:Tetramin® flake food at 2 g/L at test initiation.
After 96 h, survival was determined by the number of
organisms not responding when gently prodded with for-
ceps. Standard bioassay water quality parameters of tem-
perature, pH, dissolved oxygen, alkalinity, hardness, and
conductivity were measured according to APHA (1998).
All H. azteca were cultured at the NSL culturing facility
according to the procedures of de March (1981). For the
fipronil pilot study exposures, H. azteca survival data were
analyzed using the trimmed Spearman—Karber method
(Hamilton et al. 1977) to obtain estimated LC50 values and
corresponding confidence intervals. For wetland sample
exposures, animal 96 h survival data were analyzed with
Sigma Stat® statistical software (SPSS 1997) to determine
no observed effects dilutions (NEDil) and lowest observed
effects dilutions (LEDil) using analysis of variance
(ANOVA) or Kruskal-Wallis (ANOVA on ranks) with
Dunnett’s multiple range test when appropriate. NEDil
values were based on lack of significant differences
(p < 0.05) relative to controls and LEDil values were
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lowest dilutions that provided significant differences
(p < 0.05) relative to controls. Survival data were also
analyzed using the trimmed Spearman—Karber method
(Hamilton et al. 1977) to obtain dilution LDil50s (percent
dilution resulting in 50% animal mortality) estimates and
95% confidence intervals according to Sundberg et al.
(2006).

Results and Discussion

In the fipronil bioassay pilot study, average measured
concentrations ranged from 58.3 to 82.5% of nominal tar-
get concentrations (Table 1). Pilot study water quality data
were within parameters for acute aqueous bioassays.
Parameters ranged as follows: temperature (°C), 22.7-23.6;
dissolved oxygen (mg L_l), 6.9-8.2; pH, 6.9-7.7; alka-
linity (mg L 'as CaCO0s), 34.2-51.3; hardness (mg L 'as
CaCO0O3), 34.2-68.4; conductivity (pumhos cm_l), 69.5—
144.0. Animal survival in all controls was >95% for all
96 h pilot bioassays. Measured H. azteca LC50 values
ranged from 0.39 to 0.76 uygL™' and averaged
0.54 pg L' (Table 1). These LC50 concentrations are
comparable to LC50 values of aquatic insect species such
as midges (0.42 pg L") and mosquitos (Culex sp., 0.35—
0.87 pg L™") but are greater than tenfold below reported
freshwater crustacean (i.e. Ceriodaphnia dubia, Daphnia
pulex, Procambarus clarkii, Procambarus zonangulus)
acute (48-96 h) LC50s for this compound (10.3—
19.5 pg Lfl) (Gunasekara et al. 2007).

Greatest pesticide mixture concentrations were located
within the upstream site of the backwater wetland within
24 h of amendment (Table 2). Only low concentrations of
atrazine (0.352-0.056 pg L") and the metabolite fipronil

Table 2 Aqueous pesticide concentrations (ug L") in the modified
backwater wetland (BD = below detection limit of 0.001 pg L™")

Location Time Atrazine Metolachlor Fipronil Fipronil-
(h) Sulfone
Upstream —48 BD BD BD BD
1 10.214 5.822 0.650 0.030
2 11.997 6.658 0.817 0.048
1.116 0.645 0.088 BD
6 3.781 1.937 0.207 0.010
24 4.409 3.248 0.316 0.013
Downstream —48 BD BD BD BD
0.265 BD BD BD
2 0.352 BD BD BD
BD BD BD BD
6 BD BD BD BD
24 0.058 BD BD 0.009
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sulfone (0.009) were detected at the downstream site of the
backwater wetland within 24 h of amendment (Table 2).
The atrazine, metolachlor, and fipronil pesticide mixture
was efficiently trapped within the 700 m long modified
backwater wetland studied. After 24 h, only low concen-
trations of atrazine and the metabolite fipronil-sulfone were
detected at the 700 m downstream site. Moore et al. (2000,
2001) has estimated travel distances of 100-400 m are
necessary to effectively mitigate atrazine and metolachlor
laden runoff within smaller constructed wetlands. Less is
known about the necessary distance required to mitigate
fipronil, however, during the current study, fipronil was not
detected at the 700 m downstream site. As a result,
<700 m x 25 m was required to mitigate fipronil runoff.
Water quality data for the toxicity tests with field site
water were as follows: temperature (°C), 23.3-23.6; dis-
solved oxygen (mg L_l), 6.9-7.5; pH, 7.8-7.9; alkalinity
(mg L ! as CaCOs3), 38.5-47.0; hardness (mg L ! as
CaCO0Os), 89.8-119.7; conductivity (umhos cm_l), 258.3—
305.0. Animal survival in all controls was >90% for all
96 h bioassays. Prior to pesticide amendment (—48 h), no
significant H. azteca mortality was observed at either wet-
land site (Table 3). Within the first 2 h of pesticide
amendment, 100% influent sample from the upstream site
elicited 100% H. azteca mortality after 96 h exposures and
50% influent dilutions caused 50-75% mortality. As a
result, 1 and 2 h dilution NEDils and LEDils were both 50
and 25%, respectively (Table 3). Observed 1 and 2 h dilu-
tion LDil50s were 59.46 and 49.27%, respectively.
Upstream samples collected 4, 6, and 24 h post pesticide
amendment elicited no significant H. azteca 96 h survival
effects. No samples collected at the 700 m downstream site
affected H. azteca 96 h survival at any time during the study
(Table 3). Based upon patterns of observed H. azteca 96 h
survival (Table 3), pesticide mixture effects concentrations

Table 3 Hyalella azteca 96 h aqueous survival effects dilutions (%)
in the modified backwater wetland

Location Time (h) NEDil LEDil LDil50 (95% CI)
Upstream —48 100 >100 >100
1 25 50 59.46 (52.60-67.21)
2 25 50 49.27 (42.45-57.19)
100 >100 >100
6 100 >100 >100
24 100 >100 >100
Downstream  —48 100 >100 >100
100 >100 >100
2 100 >100 >100
4 100 >100 >100
6 100 >100 >100
24 100 >100 >100

ranges were 10.214-11.997, 5.822-6.658, 0.650-0.817, and
0.030-0.048 pg L~! for atrazine, metolachlor, fipronil, and
fipronil-sulfone, respectively (Table 1). Greatest observed
measured pesticide mixture NOEC was 4.409, 3.248, 0.316,
and 0.013 pg L~! for atrazine, metolachlor, fipronil, and
fipronil sulfone, respectively.

Mixture toxicity of atrazine with other insecticides,
including organophosphates (OP) and fipronil in crusta-
ceans has been examined (Trimble and Lydy 2006; Key
et al. 2007). Although Trimble and Lydy (2006) observed
greater than additive toxicity with atrazine and OP in H.
azteca, Key et al. (2007) observed no increase in toxicity
with atrazine and fipronil in Palaemonetes pugio. In our
study, observed mixture toxicity to H. azteca appeared
primarily due to fipronil and possibly fipronil-sulfone based
upon previous results from the fipronil pilot study. Fipro-
nil-sulfone was observed to have similar or greater toxicity
to crustaceans as the parent compound. Reported fipronil-
sulfone effects concentrations for freshwater crustaceans
ranged from 4.5 ng L~ (Daphnia magna 21 d EC50) to
11.2 pg L! (Procambarus clarkii 96 h LC50) (Schlenk
et al. 2001; Gunasekara et al. 2007). In the current study,
atrazine and metolachlor concentrations were well below
reported effects concentrations for crustaceans (14,700 g
atrazine L™ and 25,100 pg metolachlor L_l) (Munn and
Gilliom 2001). As a result, observed peak herbicide con-
centrations in our study were not considered great enough
to significantly add to observed insecticide toxicity.

Mitigation efficiency of this modified backwater wet-
land amended with atrazine, metolachlor, and fipronil was
shown and is relevant to observed peak concentrations of
these contaminants in runoff in Mississippi rivers and
streams during storm events (Smith et al. 2006). Our results
suggest that riverine backwater wetlands can be modified
to mitigate pesticide runoff and concomitant toxicity prior
to entering rivers and streams in Mississippi.

Acknowledgments Mention of equipment, software or a pesticide
does not constitute an endorsement for use by the US Department of
Agriculture nor does it imply pesticide registration under FIFRA as
amended. All programs and services of the USDA are offered on a
nondiscriminatory basis without regard to race, color, national origin,
religion, sex, marital status, or handicap.

References

American Public Health Association (APHA) (1998) Standard
methods for the examination of water and wastewater, 20th
edn. Washington, DC

Bobe A, Coste CM, Cooper J-F (1997) Factors influencing the
adsorption of fipronil on soils. J Agric Food Chem 45:4861—
4865. doi:10.1021/jf970362z

de March BGE (1981) Hyalella azteca (Saussure). In: Lawrence SG
(ed) Manual for the culture of selected freshwater invertebrates.
Can Spec Publ Fish Aquat Sci, vol 54, pp 61-77

@ Springer


http://dx.doi.org/10.1021/jf970362z

840

Bull Environ Contam Toxicol (2009) 83:836-840

Gunasekara AS, Truong T, Goh KS, Spurlock F, Tjeerdema RS
(2007) Environmental fate and toxicology of fipronil. J Pest Sci
32:189-199. doi:10.1584/jpestics.R0O7-02

Hamilton MA, Russo RC, Thurston RV (1977) Trimmed Spearman—
Karber method for estimating median lethal concentrations in
toxicity bioassays. Environ Sci Technol 11:714-719

Key P, Chung K, Siewicki T, Fulton M (2007) Toxicity of three
pesticides individually and in mixture to larval grass shrimp
(Palaemonetes pugio). Ecotoxicol Environ Saf 68:272-277. doi:
10.1016/j.ecoenv.2006.11.017

Moore MT, Rodgers JH, Cooper CM, Smith S (2000) Constructed
wetlands for mitigation of atrazine-associated agricultural run-
off. Environ Poll 110:393-399. doi:10.1016/S0269-7491(00)
00034-8

Moore MT, Rodgers JH, Smith S, Cooper CM (2001) Mitigation of
metolachlor-associated agricultural runoff using constructed
wetlands in Mississippi, USA. Agric Ecosyst Environ 87:309—
314. doi:10.1016/S0167-8809(00)00205-X

Munn MD, Gilliom RJ (2001) Pesticide toxicity index for freshwater
aquatic organisms. Water Resources Investigation Report 01-
4077, National Water Quality Assessment Program

Schlenk D, Huggett DB, Allgood J, Bennett E, Rimoldi J, Beeler AB,
Block D, Holder AW, Hovinga R, Bedient P (2001) Toxicity of
fipronil and its degradation products to Procambarus sp.: Field

@ Springer

and laboratory studies. Arch Environ Contam Toxicol 41:325—
332. doi:10.1007/s002440010255

Smith S, Cooper CM, Lizotte RE, Shields FD (2006) Storm pesticide
concentrations in Little Topashaw Creek, USA. Int J Ecol
Environ Sci 32:173-182

Statistical Package for the Social Sciences (SPSS), Inc. (1997)
SigmaStat for Windows version 2.03

Sundberg SE, Hassan SM, Rodgers JH (2006) Enrichment of
elements in detritus from a constructed wetland and consequent
toxicity to Hyalella azteca. Ecotoxicol Environ Saf 64:264-272.
doi:10.1016/j.ecoenv.2006.02.010

Trimble AJ, Lydy MJ (2006) Effects of triazine herbicides on orga-
nophosphate insecticide toxicity in Hyalella azteca. Arch Environ
Contam Toxicol 51:29-34. doi:10.1007/s00244-005-0176-7

US Department of Agriculture (USDA) National Agricultural Statis-
tical Service (NASS) (2008) Agricultural chemical use database.
http://www.pestmanagment.info/nass/

US Environmental Protection Agency (USEPA) (2000) Methods for
measuring the toxicity and bioaccumulation of sediment-associ-
ated contaminants with freshwater invertebrates. EPA 600/R-99/
064 Washington DC

Young BG (2006) Changes in herbicide use patterns and production
practices resulting from glyphosate-resistant crops. Weed Tech
20:301-307. doi:10.1614/WT-04-189.1


http://dx.doi.org/10.1584/jpestics.R07-02
http://dx.doi.org/10.1016/j.ecoenv.2006.11.017
http://dx.doi.org/10.1016/S0269-7491(00)00034-8
http://dx.doi.org/10.1016/S0269-7491(00)00034-8
http://dx.doi.org/10.1016/S0167-8809(00)00205-X
http://dx.doi.org/10.1007/s002440010255
http://dx.doi.org/10.1016/j.ecoenv.2006.02.010
http://dx.doi.org/10.1007/s00244-005-0176-7
http://www.pestmanagment.info/nass/
http://dx.doi.org/10.1614/WT-04-189.1

	Effects of an Atrazine, Metolachlor and Fipronil Mixture �on Hyalella azteca (Saussure) in a Modified Backwater Wetland
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


